VESICO-URETERIC reflux and urinary infection are fr equently associated, although there is debate as to which is cause and which effect. Sometimes reflux ceases when infection is treated (Amar, 1975) , but fr equently the reflux persists and infection is difficult to eradicate. One of the main causes of aquired vesico ureteric reflux in the adult is injury to the spinal cord. Anti-reflux surgery was first developed for the treatment of reflux in patients with spinal injuries, but the results have been disappointing in this condition. Many patients with reflux are treated with permanent urethral catheters. Although it is well known that reflux is often associated with attacks of recurrent acute pyelonephritis, the long term effects of reflux are not well documented. Marchetti and Gonick (1970) have shown diminished renal fu nction in patients with reflux compared with controls.
The purpose of this survey was to assess the long-term effects of reflux in patients with spinal injury treated at The National Spinal Injury Centre, Stoke Mandeville.
Patients and Methods

Criteria of Reflux
Reflux is described in three grades:
Grade 3:
Patients into the ureter only; reaching the renal pelvis and calyces, but without dilatation of the ureter or pelvi-calyceal system; extending to the kidney with dilatation of the upper urinary tract.
A retrospective survey has been carried out including all patients with grade 2 or 3 reflux detected within 1 year of injury, admitted to Stoke Mandeville from 1944 to 1963. They were all patients with traumatic cord injury. Details of their age, sex, completeness of cord lesion and delay in admission to Stoke Mandeville are summarised below. If possible the patients attended for review, but if unable to travel to hospital, information was obtained from the patient's doctor or local hospital. As complete a record as possible was obtained of the patient's urinary tract fr om the time of his injury to the present day. The fe atures recorded included the following: sex, age at time of injury, level of lesion, time fr om injury to admission and fr om injury to the detection of reflux, the initial bladder management, urinary infection before the detection of reflux, surgery to the bladder outflow tract, bladder management at home, severity and frequency or urinary infection, prophylactic chemotherapy. Blood was obtained for urea and creatinine estimation. All X-rays of the urinary tract on each patient were reviewed by one assessor (G. J. F.). When patients had died the date and cause of death were recorded. Patients were classified as having renal damage or no renal damage.
Renal Damage
The criteria for renal damage were: death fr om renal causes; urographic signs of upper tract dilatation, clubbing of calyces, or renal scarring; diminution of renal length of 20 per cent or more on X-ray. When comparing renal lengths on different urograms the width of a suitable lumbar vertebra was compared in the two urogram series to correct for differences in projection.
No living patient was found to have a plasma urea or creatinine outside the normal range. Whenever subsequent cystograms were performed reflux was recorded as either transient (present on one occasion only) or persistent (present on more than one occasion). The initial cystograms on which a diagnosis of reflux was made were usually performed because of persistent or recurrent urinary tract infections. They were static cystograms, continuous screening was not used at that time.
Results
Fifty-one patients fu lfilled the criteria for inclusion in the survey. There were inadequate data regarding the renal tract in 12 leaving 39 patients for review. The reasons for excluding the 12 patients fr om analysis were as follows: fo ur died of either unknown causes or causes unrelated to the renal tract without any further urological assessment, in one patient there was incomplete information about bladder management, five patients could not be traced and two had emigrated.
Of the 39 patients with complete data, 17 showed signs of renal damage. Four of these died of renal causes, a fu rther one died of unknown cause but with a grossly dilated, virtually non-functioning kidney on the side of reflux, one patient is alive with shrunken kidneys, the remaining I I are alive with urographic signs of upper tract dilatation, clubbing or renal scarring. There was no marked difference in the age (mean 30 years), sex distribution and mean period of follow up between patients with or without evidence of renal damage. The mean follow up fo r those with renal damage was I2·5 years and I3 years fo r those without renal damage. Patients with renal damage had a longer delay from injury to admission to Stoke Mandeville than those without renal damage (9 and 5 weeks respectively). This might suggest that renal damage was consequent to inadequate treatment at the referral hospital. However, the small numbers in this series and the con siderable variation in delay of referral in both groups of patients means that this conclusion may well be fa llacious.
Reflux occurred with lesions at all levels of the spinal cord and when the lesion was both complete or incomplete (Table I) .
Nineteen patients had bilateral reflux, I I right side only and nine left sided. There was no significant preponderance of bilateral reflux in the group with renal damage. There appeared to be a tendency for kidneys to diminish in length with time although in only two instances did this shrinkage amount to 20 per cent of the original length (Table II) .
All patients had an initial urogram at about the time that reflux was first diagnosed. In 32 patients the initial urogram was entirely normal and in fo ur Total of 58 kidneys from 39 patients. Reflux was bilateral in 1 9 .
there was dilatation of the lower ureter. Three patients showed dilatation of the upper urinary tract; one showed improvement 8 years later without any treatment; one showed deterioration 8 years later also without treatment; one patient who showed the greatest degree of initial dilatation underwent transurethral resection of his bladder neck. Four years later the urinary tract had returned to normal.
Factors Associated with Renal Damage
Renal damage developed in five out of seven patients with initially grade 3 reflux, but in only 12 out of 32 with grade 2 (Table III) . The results also suggest that there may be an association between renal damage and both persistence of reflux and the presence of a urethral catheter although these do not reach statistical significance (Table III) . Tables IV and V show that when the patients are grouped according to the grade of reflux or duration of reflux, those treated without catheters appeared to develop less renal damage than those with catheters. Although these values do not reach statistical significance the results fa il to show any protection afforded to the kidneys by indwelling catheters.
There was no association between the fr equency of urinary flare-ups during the follow-up period and the development of renal damage. There was a sug gestion of an association between renal damage and urinary flare-ups before reflux was diagnosed. Renal damage related to the grade of reflux and the presence of a catheter By limiting the survey to patients with traumatic lesions with reflux demon strated within I year of injury it was hoped to exclude patients with severely damaged urinary tracts.
It can be assumed that these patients had no reflux before injury. All patients reviewed had reflux of severe degree (grade 2 or 3). Follow-up data were complete on 39 patients, 17 of whom developed damage to the kidney on the side of reflux. Of the group of 39 patients, nine are known to have died, four of renal causes, three of non-renal causes (pneumonia, osteomyelitis, motor neurone disease) and in two, the cause of death was not known. This mortality rate appears to be higher than reported for spinal injury as a whole (Nyquist & Bors, 1968; Wilcox & Stauffer, 1972) but the total number in this series was small and comparison of mortality rates from one series to another is fraught with inaccuracies.
Some patients were managed with indwelling catheters and others were not. Catheters combine the advantage of free drainage with disadvantages which include persistent infection, stone formation and repeated urethral trauma. It was impossible in retrospect to tell if those with severe infections were treated with and those with milder infections without catheters. No anti-reflux surgery was performed on these patients.
An indwelling urethral catheter although useful in the management of acute urinary flare-ups secondary to reflux does not protect the kidney from subsequent damage. Reflux to the kidney with dilatation of the upper urinary tract (grade 3 reflux) is particularly liable to precede renal damage. It is possible that these patients' upper tracts are damaged on account of the high intravesical pressure either at rest or particularly on voiding. As long ago as 1960, Ross et a t . (1960) showed that reflux would often be abolished by decreasing urethral resistance. When reflux is diagnosed every effort should be made to detect and correct bladder outflow tract obstruction and eliminate infection (Tarabuky et at., 1972) . Even when reflux is persistent, provided flare-ups are not a problem, patients are better treated without permanent urethral catheters.
SUMMARY
A long-term survey (mean follow-up> 12 years) is presented of cord injury patients with reflux up to the kidney (grades 2 and 3). Of 39 patients 17 developed renal damage. There is no evidence that permanent urethral catheters protect kidneys from subsequent damage.
